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ampliﬁed polymorphic DNA (RAPD-PCR) markers. Ten primers were primarily scored of which,
05 primers showed polymorphism and these were selected for polymerase chain reaction (PCR) to
be used in the ﬁnal molecular analyses. 64 scorable loci were generated in genotypes from Gandh-
isagar reservoir of which 62 loci (70.45%) were polymorphic; whereas, 108 loci were obtained in
genotypes from Bansagar reservoir out of which 87 (98.86%) were polymorphic. RAPD analysis
showed that the Bansagar reservoir population had higher genetic polymorphism than the Gandh-
isagar reservoir population. Analysis of Molecular Variance (AMOVA) indicated low genetic diver-
sity (Hpop = 0.2017 ± 0.1836; I= 0.312 ± 0.2599) and relative genetic differentiation among the
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structed by un-weighted pair-group method of analysis (UPGMA) showed that all genotypes
formed two major clusters representing their respective geographical locations i.e., Gandhisagar res-
ervoir population and Bansagar reservoir population. Present investigation elucidates effectiveness
of balancing approaches to make polymorphism as descriptive and determined for optimum genetic
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Molecular markers are very potent tools to detect genetic dis-
tinctiveness of individuals, populations or species, thus the
molecular methods play an important role in estimating genet-
ic diversity among individuals by comparing the genotypes at a
number of polymorphic loci (Avise, 1994). These markers have
revolutionized the analytical power, necessary to explore the
genetic diversity. The importance of genetic variation to pop-
ulation adaptability in changing environments or under stress-
ful conditions has long been recognized (Allendorf et al.,
1987). The loss of genetic diversity, due to comprehensive
assortment, loss of heterozygosity due to random inbreeding
or isolation may result in a decrease of the potential adaptabil-
ity of a population (Ferguson et al., 1995). Genetic diversity
has varied application in research on evolution, conservation
and management of natural resources and genetic improve-
ment programmes (Ferguson et al., 1995; Neff and Gross,
2001; Jehle and Arntzen, 2002). Genetic polymorphism is de-
ﬁned as the immediate occasion of a trait in the same popula-
tion of two or more discontinuous variants or genotypes.
Although DNA sequencing is a straightforward approach for
identifying variations at a locus, it is expensive and laborious.
A wide variety of techniques have, therefore, been developed in
the past few years for visualizing DNA sequence
polymorphism.
Mystus cavasius is a scale less ﬁsh which is distributed in
Bangladesh, India and Burma (Bhuiyan, 1964). The ﬁshes
are usually found in freshwater and are mostly available in riv-
ers, canals, beds, ponds, ditches and inundated ﬁelds. It is
excellent as food and source of protein to the people of India.
Molecular studies on this species has not been done by any
researchers in Madhya Pradesh, therefore, the present investi-
gation has been carried out on two populations ofM. cavasius.
Materials and methods
Brief description of study sites
The Gandhisagar reservoir is one of the four major dams built
in the Chambal River. The reservoir is located in the Mand-
saur district of the state of Madhya Pradesh. It is a masonry
gravity dam, standing 62.17 m (204.0ft) high, with a gross stor-
age capacity of 7.322 billion m3 from a catchment area of
22,584 km2 (8720 sq m). The water released after power gener-
ation is utilized for the irrigation of 427,000 ha by the farmers.
The dam’s reservoir area is the second-largest in India after
Hirakund reservoir and attracts a large number of migratory
and non-migratory birds throughout the year.
Bansagar reservoir is situated in the Ganges Basin in Mad-
hya Pradesh, India envisaging both irrigation and hydroelec-
tric power generation. The Bansagar dam is constructed
across the Sone River at village Deolond in Shadol district
at a distance of 51.4 km from Rewa. The land undersubmergence of Bansagar at full reservoir level (F.R.L.
341.64 m.) is 587.54 km2, out of which 40.73 km2 is forest land.
Collection of ﬁsh samples from sampling sites and their
morphometric analyses
The ﬁsh samples were collected from two water bodies of Mad-
hya Pradesh i.e., Bansagar reservoir and Gandhisagar reser-
voir. 15 genotypes from each reservoir were collected with
the help of local ﬁshermen, kept in the iceboxes and brought
to the laboratory. The morphometric measurements of 15
parameters viz., total length, standard length, body weight,
body width, body depth/height, head length, head length
excluding snout, width of head, snout length, eye diameter,
length of caudal peduncle, length of anal ﬁn, length of pelvic
ﬁn, length of pectoral ﬁn and height of caudal peduncle were
taken. Fish specimens were morphologically identiﬁed with
taxonomic keys (Jayaram, 1999; Shrivastava, 2000). The mus-
cle and liver tissues were obtained and ﬁnally stored at 80 C
for further molecular analyses.
Genomic DNA extraction
Total genomic DNA was extracted as protocol provided by
Janarthanan and Vincent (2007) and Garg et al. (2009) with
some modiﬁcations. 100 mg of tissue sample was taken in a
pre-chilled eppendorf tube (1.5 ml capacity) and the tissue
was grinded with the help of micro pestle within the tube. Dur-
ing grinding, 0.5 ml of digestion buffer was added (100 mM
Tris–HCl with pH 8.0, 10 mM EDTA, 1.4 M NaCl, 1% SDS
and 0.2% b-Mercaptoethanol) in tubes and remaining 0.5 ml
was added after grinding. Sample was incubated at 50 C for
30–60 min on dry bath with occasional shaking and then cen-
trifuged at 5000 rpm for 10 min at room temperature. Super-
natant was collected in a fresh eppendorf tube and equal
volume of phenol: chloroform: isoamyl-alcohol (25:24:1) was
added to the sample. Sample was again centrifuged at
10,000 rpm for 10 min at 4 C and the top aqueous layer was
transferred to a new tube. Half volume of 7.5 M ammonium
acetate and 2 volumes of 100% chilled ethanol were added.
The tube was kept in the deep freezer for 1–2 h and centrifuged
at 10,000 rpm for 10 min at 4 C. 1 ml of 70% ethanol was
added in the tube for washing and centrifuged for 10 min at
10,000 rpm at 4 C. The upper aqueous layer is discarded
and the pellet was dried for 1–2 h at room temperature. 50 ll
of Tris–EDTA buffer is added (10 mM Tris HCl, 1 mM EDTA
with pH 7.6) and incubated for 2 h to dissolve the pellets.
In the present study, ten commercially available oligonu-
cleotide primers (ten to twenty bases long) of Bangalore Genei,
India were used to initiate PCR ampliﬁcations. Primers were
randomly selected on the basis of GC content and annealing
temperature for RAPD-PCR ampliﬁcations. After initial
screening with all ten primers, the ﬁve primers used in the
study were RAn-1, RAn-3, RAn-4, RAn-5 and RAn-6.
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checking
The yield of extracted DNA from ﬁsh tissues in ng/ll was mea-
sured using a UV Spectrophotometer (ND-1000, USA) at 260
and 280 nm wavelength. The purity of DNA was determined
by calculating the ratio of absorbance at 260–280 nm. The ra-
tio (1.8) of absorption at 260 nm vs. 280 nm is commonly used
to assess the purity of DNA with respect to protein contamina-
tion, since protein (in particular, the aromatic amino acid)
tends to absorb at 280 nm. The DNA sample is considered
pure when the 260–280 ratio comes near 1.8. But the DNA
sample having the ratio 1.5–2.0 can be easily used for PCR.
After checking the quality and quantity of DNA, the dilutions
were made as desired for PCR ampliﬁcation of 50 ng/ll or
samples were treated with proteinase-K or RANase to get
the pure DNA in the samples.
The PCR reaction mixture (25.50 ll) was composed of
12.50 ll of Red Dye, 1.0 ll primer, 11.00 ll of sterile distilled
water and 1.0 ll of template DNA. A negative control, without
template DNA was also included in each round of reactions.
After preheating for 5 min at 94 C, PCR was run for 45 cy-
cles. It consisted of a 94 C denaturation step (0.45 min),
37 C annealing step (1 min) and 72 C elongation step
(1.5 min) in a thermal cycler (Eppendorf, Germany). At the
end of the run, a ﬁnal extension period was appended (72 C
for 7 min) and then the PCR products were stored at 4 C until
till gel electrophoresis was performed.
Visualization of DNA pattern
The ampliﬁed pattern was visualized on an UV transillumina-
tor and photographed by gel documentation system (Alpha-
Innotech, USA) and after that scoring of the ﬁngerprints and
molecular weight was also performed by gel documentation
system.
The ampliﬁed DNA fragments were separated on 1.2%
agarose gel and stained with ethidium bromide. A DNA ladder
was run with each gel (100, 200, 300, 600, 1000, 1500, 2000,Table 1 Range of variation, mean and standard deviation of mor
Gandhisagar reservoir and Bansagar reservoir.
S. No. Measurements Gandhisagar (n= 15)
Min. Max.
1. Total length 19.00 22.50
2. Standard length 14.50 18.00
3. Body weight (g) 45.90 72.90
4. Body width 02.50 03.80
5. Body depth/height 03.20 04.30
6. Head length 02.90 03.50
7. Head length excluding snout 02.00 02.90
8. Width of head 02.00 03.50
9. Snout length 00.90 01.40
10. Eye diameter 00.70 01.20
11. Length of caudal peduncle 02.60 03.20
12. Length of anal ﬁn 01.30 02.50
13. Length of pelvic ﬁn 02.00 03.00
14. Length of pectoral ﬁn 02.20 03.00
15. Height of caudal peduncle 01.20 01.80
Note: All values in cm otherwise stated.2500 and 3000 bp DNA ladder from Bangalore Genei, Banga-
lore, India). The ampliﬁed pattern was visualized on an UV
Transilluminator and photographed by gel documentation sys-
tem (Alpha-Innotech, USA). The RAPD fragments were
scored for the presence and absence of fragments on the gel
photographs, and RAPD fragments were compared among
the populations. RAPD banding patterns were recorded on
spreadsheets, which were used to determine gene diversity,
gene ﬂow, number of polymorphic loci and genetic distance
through an un-weighted pair group method of arithmetic mean
(UPGMA), Nei (1978).
Data generation and genetic analyses
TheDNAﬁngerprints were scored as presence (1) or absence (0)
of fragments on the gel photographs andRAPD fragments were
compared among theM. cavasius populations. Observed num-
ber of alleles (na), effective number of alleles (ne), gene diversity
(h), Shannon’s information index (I), total number of loci and
their percentages were estimated using a ‘POPGENE’ software
package version 1.31 (Yeh et al., 1999). Gene ﬂow (Nm), intra-
population heterozygosity (HS), total heterozygosity (HT), rela-
tive differentiation (Gst), and estimate gene ﬂow (Nm) were also
calculated to characterize the gene diversity and the distribution
of the variation using ‘POPGENE’ program. An unbiased mea-
surement of genetic identity and genetic distance was calculated
using Nei’s (1978). RAPD banding patterns were recorded and
analyzed using Population Statistics Software, Analysis of
Molecular Variance (AMOVA) and Fst (Weir and Cockerham
1984;Weir, 1990; Excofﬁer et al., 2005) was calculated to clarify
molecular patterns and variations between and within the ﬁve
populations for the 60 isolates. The total variance was parti-
tioned into genetic variance between and among geographical
areas and among isolates within geographical areas.
Results and discussion
15 (n= 15) genotypes from each reservoir i.e., Bansagar
and Gandhisagar were collected for a detailed study ofphometric measurements of genotypes of Mystus cavasius from
Bansagar (n= 15)
Mean ± SD Min. Max. Mean ± SD
20.38 ± 0.942 15.40 24.10 20.62 ± 2.620
15.79 ± 1.027 11.60 19.00 15.9 ± 1.912
53.34 ± 8.256 50.00 125.00 87.6 ± 24.457
2.92 ± 0.362 01.50 03.70 2.72 ± 0.580
3.75 ± 0.347 02.40 05.20 4.18 ± 0.742
3.2 ± 0.182 02.30 04.00 3.22 ± 0.489
2.26 ± 0.235 01.60 02.70 2.07 ± 0.287
2.78 ± 0.317 01.50 02.90 2.22 ± 0.345
1.07 ± 0.180 01.00 01.60 1.3 ± 0.192
0.91 ± 0.131 00.60 01.20 0.78 ± 0.171
2.84 ± 0.197 02.50 03.70 3.11 ± 0.426
1.98 ± 0.368 01.50 02.50 1.92 ± 0.327
2.43 ± 0.292 01.70 02.80 2.33 ± 0.357
2.56 ± 0.182 02.00 03.30 2.66 ± 0.418
1.44 ± 0.150 01.10 01.50 1.33 ± 0.154
Table 2 Quantiﬁcation of extracted DNA of 30 genotypes from Gandhisagar reservoir (n= 15) and Bansagar reservoir (n= 15).
S.No. Sample ID k max Ratio of
260/280
Quantity
ng/ll
Conc. adjusted by dilution
(45–65 ng/ll) for PCR ampliﬁcation
A-260 A-280 Water (ll) DNA (ll) Final conc. ng/ll
1. MC-G-1 6.194 2.951 2.10 309.69 4 1 61.93
2. MC-G-2 11.208 5.451 2.06 560.38 9 1 56.03
3. MC-G-3 13.375 7.510 1.78 668.74 9 1 66.87
4. MC-G-4 8.481 4.957 1.71 424.06 6 1 60.58
5. MC-G-5 10.828 6.022 1.80 541.42 8 1 60.15
6. MC-G-6 3.855 1.809 2.13 192.76 3 1 48.19
7. MC-G-7 41.608 23.151 1.80 2080.41 34 1 59.42
8. MC-G-8 4.835 2.401 2.37 241.75 3 1 60.43
9. MC-G-9 4.290 2.145 2.00 214.52 3 1 53.63
10. MC-G-10 34.270 16.348 2.10 1713.52 29 1 57.11
11. MC-G-11 7.881 3.601 2.19 394.05 6 1 56.28
12. MC-G-12 7.113 3.132 2.27 355.66 5 1 59.27
13. MC-G-13 2.882 1.185 2.43 144.12 2 1 48.0
14. MC-G-14 2.408 0.927 2.60 120.40 1 1 60.2
15. MC-G-15 3.420 1.471 2.32 170.98 2 1 56.99
16. MC-B-1 4.973 2.515 1.98 248.67 5 1 41.44
17. MC-B-2 5.207 2.632 1.98 260.34 5 1 43.39
18. MC-B-3 10.539 5.351 1.97 526.96 8 1 58.55
19. MC-B-4 9.480 4.672 1.99 473.98 7 1 59.24
20. MC-B-5 8.716 4.770 1.83 435.81 7 1 54.47
21. MC-B-6 6.297 3.481 1.81 314.86 6 1 44.98
22. MC-B-7 11.506 7.003 1.64 575.29 9 1 57.52
23. MC-B-8 13.38 6.607 1.97 651.90 11 1 54.32
24. MC-B-9 1.302 0.742 1.75 65.11 1 1 32.55
25. MC-B-10 7.719 4.417 1.75 385.95 6 1 5513
26. MC-B-11 4.066 2.179 1.87 203.28 5 1 33.88
27. MC-B-12 11.254 6.327 1.78 562.70 10 1 57.15
28. MC-B-13 4.411 2.535 1.74 220.56 5 1 36.76
29. MC-B-14 20.861 13.355 1.56 1043.05 19 1 52.15
30. MC-B-15 11.575 5.699 1.67 578.75 11 1 48.22
Table 3 Pattern of polymorphism (primer wise) obtained by ﬁve RAPD-PCR primers in 30 genotypes from Gandhisagar reservoir
and Bansagar reservoir.
Primer number Gandhisagar reservoir (n= 15) Bansagar reservoir (n= 15)
Total No.
of bands
Polymorphic
bands
% of
Polymorphism
Molecular
weight range
(kb)
Total No.
of bands
Polymorphic
bands
% of
Polymorphism
Molecular
weight range
(kb)
RAn-3 (AM-765834) 16 14 87.50 257–2545 19 18 94.73 223–1675
RAn-4 (AM-750059) 09 07 77.77 271–900 15 13 80.66 210–1265
RAn-5 (AM-750052) 17 16 94.11 209–1135 32 32 100 240–2631
RAn-6 (Am-765829) 10 08 80.00 192–1100 22 22 100 145–1700
RAn-8 (AM-765833) 12 10 83.33 180–1758 20 18 90 150–1400
96 R.K. Garg et al.morphometry and intra-speciﬁc diversity between M. cavasius.
A total of 15 morphometric parameters were obtained from 30
genotypes of M. cavasius from the Gandhisagar reservoir and
Bansagar reservoir (Table 1). These parameters exhibited dis-
tinct variations in the morphological characters such as total
length, standard length, body weight, body height, head
length, width of head, snout length, length of caudal peduncle
and length of pectoral ﬁn, where they showed high values in
Bansagar reservoir (Table 1). The higher values in Bansagar
reservoir reﬂected good or favorable habitat in Bansagar reser-
voir for M. cavasius as compared to Gandhisagar reservoir.This study is also supporting to gene ﬂow and polymorphism
studies done among 30 genotypes from same locations.
The concentration of solution of nucleic acid can be deter-
mined by measuring the absorbance at 260 nm using a Spec-
trophotometer. An A260 of 1.0 is equivalent to a
concentration of 50 lg/ml for double standard DNA and
40 lg/ml for single standard DNA or RNA. If the A280 is also
determined, the A260/A280 ratio indicates, if there are con-
taminants present, such as residual phenol or protein. The
A260/A280 ratio should be 1.8 for pure DNA and 2.0 for pure
RNA preparations (Nicholl, 1994). Proteins absorb strongly at
Table 4 Overall Nei’s (1987) analysis of gene diversity in subdivided populations.
Population Genetic Parameters Obtained values
Intra-population (HS) 0.2665 ± 0.0217
Total heterozygosity (HT) 0.2118 ± 0.0121
Relative diﬀerentiation (Gst) 0.2052
Estimates of gene ﬂow (Nm) 1.9369
Table 5 Population wise genetic analyses among two populations of M. cavassius.
Population
genetic
parameters
Samples
size (n)
Observed
number
of alleles
A (na)#
Eﬀective
number
of alleles
(ne)#
Nei’s (1973)
gene diversity
(H pop)#
Shannon
information
index (I)#
Total
number
of loci
Number of
Polymorphic
loci
%
of Polymorphic
loci (P)
Gandhisagar reservoir 15 1.704 ± 0.4589 1.329 ± 0.34 0.2017 ± 0.1836 0.312 ± 0.2599 88 62 70.45
Bansagar reservoir 15 1.988 ± 0.106 1.332 ± 0.273 0.2220 ± 0.1370 0.364 ± 0.176 88 87 98.86
Overall gene frequencies 30 2.00 ± 0.00 1.425 ± 0.315 0.266 ± 0.147 0.420 ± 0.1830 88 – –
#
Mean values with standard deviation (SD).
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photometer for estimating DNA concentrations, it is very
important to remove all proteins and RNA from the DNA
solution. Good estimations can only be made on clean prepa-
rations. An estimate of the purity of a DNA preparation can
be made by measuring the absorbance at both 260 and
280 nm. Pure solutions of nucleic acid will absorb approxi-
mately twice as much at 260 than at 280 nm. Experimentally,3000
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98 R.K. Garg et al.65.11 to 2080 ng/l1 (Table 2). The dilution was made as de-
sired for better PCR ampliﬁcation as ranging between 30.00
to 70.00 ng/ll.
RAPD markers have been found to have a wide range of
application in gene mapping, population genetics, and molec-
ular evolutionary genetics in plant and animal breeding system
(Bardakci, 2001; Ertas and Seker, 2005). In the present inves-
tigation, a total of 88 different alleles were detected, ranging in
size from 145 to 2545 bp (Tables 3 and 5 and Fig. 1). A total of88 loci were recorded in the 15 individuals of Gandhisagar res-
ervoir and out of them 62 loci were polymorphic which shows
70.45% polymorphism (Table 5). Primer wise polymorphisms
in ﬁshes of Gandhisagar reservoir were obtained as: RAn-3
gave total 16 bands out of which 14 were polymorphic
(87.50%) with a range of molecular weight (MW) as 257–
2545 bp, RAn-4 gave total 9 bands out of which 7 were poly-
morphic (77.77%) with a range of MW as 271–900 bp, RAn-5
gave total 17 bands out of which 16 were polymorphic
Identiﬁcation of genetic polymorphism in Mystus cavasius (Hamilton-Buchanan, 1822) 99(94.11%) with a range of MW as 209–1135 bp, RAn-6 gave to-
tal 10 bands out of which 8 were polymorphic (80.00%) with
MW as 192–1100 bp and primers RAn-8 gave total 12 bands
out of which 10 were polymorphic (83.33%) representing a
(MW) molecular weight recorded as 180–1758 bp (Table 3).
However, Fig. 2 giving a clear picture of scorable banding pat-
terns obtained as 88 scorable loci in 15 genotypes of Bansagar
reservoir of which 87 loci were polymorphic showed 98.86%
polymorphism (Table 5).
Primer wise polymorphisms in ﬁshes of Bansagar reservoir
was obtained as: RAn-3 gave total 19 bands of which 18 were
polymorphic (94.73%) with a range of MW as 223–1675 bp,
RAn-4 gave total 15 bands of which 13 were polymorphic
(80.66%) with a range of MW as 210–1265 bp, RAn-5 gave to-
tal 32 bands of which 32 were polymorphic (100%) with a
range of MW as 240–2631 bp, Primer RAn-6 gave total 22
bands of which 22 were polymorphic (100%) with MW as
145–1700 bp and RAn-8 gave total 20 bands of which 18 were
polymorphic (90%) representing MW as 150–1400 bp. Shifat
et al. (2003) have also reported RAPD Jaccard’s dissimilarity
coefﬁcient in 34 individuals of Tenualosa ilisha and observed
20.41% polymorphism. Rahman et al. (2009) studied on the
genetic variations of wild and hatchery populations of Catla
catla revealed by RAPD markers and found overall 54.55%
polymorphism. Similarly, we found 84.54% of polymorphic
loci in Gandhisagar reservoir which was higher than Islam
et al. (2005) in C. catla (75%), Zaeem and Ahmed (2006) in
Oreochromis niloticus (55.76%) and Garg et al. (2009a) in Het-
erpneustes fossilis (22.85%). However, Garg et al. (2010) stud-
ied the genetic polymorphism in Clarias batrachus and
obtained 72 scorable loci of which 68 (86.66%) were polymor-
phic and showed the highest signiﬁcant differences in their de-
gree of polymorphism as compared to our studies.
Overall proportion of estimated gene ﬂow (Nm) and Nei
(1973) gene diversity (Hpop) across the primers in the studied
M. cavasius population were 1.9369 and 0.266 ± 0.147, respec-
tively (Tables 4 and 5). Among the Bansagar reservoir popula-
tion, the proportion of polymorphic loci (P) and gene diversity
(Hpop) values were found to be high (P = 98.86%,
Hpop = 0.222 ± 0.1370) followed by the Gandhisagar reser-
voir (P= 70.45%, Hpop = 0.2017 ± 0.1836). However it
indicates lowest percentage of polymorphic loci and less gene
diversity in Gandhisagar reservoir. Rahman et al. (2009) stud-
ied the genetic variation in wild and hatchery raised popula-
tion of C. catla and they obtained lowest percentage of
polymorphic loci (P) and gene diversity (Hpop) in hatchery
raised population which may be due to restricted gene ﬂow
due to cultured population, whereas, wild stocks of C. catla
represent a diversiﬁed genetic resource and it maintains and
conserves the diverse gene pool. In the present study, a rela-
tively high level of genetic polymorphism in terms of the pro-
portion of polymorphic loci, intra-population (HS) indices
(0.2665 ± 0.0217) and Nei’s gene diversity in Bansagar was
showed as compared to Gandhisagar reservoir.
On the basis of inter-population genetic distance, the neigh-
bor-joining (NJ) dendrogram was constructed (Fig. 3), which
indicated that the samples from Gandhisagar reservoir loca-
tions were clustered in one group, while the Bansagar were
in another group. However, one genotype (MCB7) was made
as a separate link with main branch. In conclusion, the samples
and the two populations could be distinguished from each
other.The protocol for the RAPD technique may serve as a reli-
able, simple, easy to handle and elegant tool in molecular diag-
nosis of different accessions/variants of an important animal
species. In essence, the RAPD method used in this study dis-
played appreciable intra-population variations (HS) as
0.2665 ± 0.0217 (Table 4) or molecular polymorphism, which
pre-existed in different locations. RAPD analysis has some
limitations that must be considered as it has dominant inheri-
tance and marker/marker homozygous cannot be distin-
guished from marker/null heterozygotes (Hassanien, 2008).
Further analysis using co-dominant molecular markers like
mitochondrial and microsatellite markers is recommended that
will further enhance the understanding of the genetic stock
structure of M. cavasius.Acknowledgments
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